Introduction
Large collections of purified proteins have become essential to systems biology programs for generating protein ligands and for validating protein interactions. These large protein collections will likewise benefit structural studies, and quests for protein-based therapeutics. Whether many protein targets need to be produced, such as a microbial proteome, or a few poorly expressing protein targets need to be expressed as soluble fragments (divide and conquer approach), efficient high-throughput processing can be a bottleneck (1) .
This chapter describes a method for efficient high-throughput purification of hexahistidinetagged proteins that are expressed in Eschericia coli (E. coli) using immobilized metal affinity chromatography (IMAC) (2) in a 96-well format. This approach is particularly suitable for proteomic applications that require modest amounts of highly purified proteins to be generated very efficiently. This approach is also very useful for identifying protein targets that are most amenable to scaled-up production for use in structural studies. The typical yield of proteins purified using this system is 50-150 micrograms, which is generally greater than that of many in vitro expression systems and much less costly. The method as described has been optimized for purifying approximately 150 micrograms of hexahistidine-tagged protein, but the method is flexible so that the amount of affinity matrix and culture volumes can be adjusted for optimal binding capacity and consequently highest purity. Although the method detailed here uses IMAC to purify hexahistidine-tagged proteins, this basic platform can be used with many other tags and affinity resins. 
Methods
First, a general method of transformation of the expression plasmid into E. coli will be described as well as appropriate conditions for growth and induction of the expression cultures. Then, the 96-well protein purification method is detailed. Last, analysis of the purified proteins is described using both "lab-on-a-chip" technology and traditional SDS-PAGE.
Transformation and Expression Induction
Expression plasmids, in our example pNHIS (3), containing genes of interest fused to a hexahistidine coding tag are first purified from 5 ml cultures of a non-expression strain of E. coli, such as DH5α or Novablue (a K-12 strain from Novagen), grown in LB containing kanamycin for antibiotic selection. An appropriate E. coli strain for protein expression is then transformed with the purified expression plasmids, as described below. The E. coli cell strain that is most commonly used for protein expression driven by T7 RNA polymerase (4) is BL21(DE3). This strain contains a chromosomal copy of the T7 RNA polymerase gene (indicated by the DE3), the expression of which is inducible by addition of IPTG. There are many derivative and mutant E. coli strains available that offer strategies for producing problematic proteins (see Note 1).
1.
Add 1 µl of purified plasmid DNA to 25 µl of BL21 (DE3) competent cells in a 1.5 ml microfuge tube, gently mix and place on ice for 10 minutes.
2.
Place in a 42 o C water bath for 30 seconds, then immediately back on ice for 2 minutes.
Add 500 µl of SOC (or LB) and grow with vigorous shaking at 37 o C for 30 minutes.
3.
Plate 50 µl onto prewarmed LB agar plates containing 50 µg/ml kanamycin, and grow overnight at 37 o C.
4.
Next, grow starter cultures by picking a colony from the above plates into 2 ml LB plus 50 µg/ml kanamycin in sterile 24-well blocks. Cover the blocks with airpore tape and grow overnight at 37 o C, shaking at 180-200 rpm. should be checked every hour by removing 100 µl from several representative wells.
Aliquot 5 ml of LB (see
6. Add IPTG to induce protein expression, transfer the blocks to a shaker incubator that has been adjusted to the desired expression temperature, and grow for the desired amount of time. Each of these parameters should be optimized by the expression screening technique described in the previous chapter (see Note 4). In the example in this chapter, protein expression was induced with 1 mM IPTG and cultures were grown for 6 hours at 25 o C.
7.
Pellet the cells by centrifugation at 2500 x g for 10 minutes at 4 o C and then carefully decant all media. Freeze the bacterial pellets at -80 o C.
Protein Purification
Purification of the proteins from the cultures grown in 24-well blocks can be performed in 96-well filter plates using a vacuum manifold for column forming, washing, and elution steps, as outlined below. The hexahistidine tagged proteins in cleared cell lysates are batch loaded onto
Ni-NTA agarose in a 96-well filter plate. Columns are formed by applying low (200 mbar) vacuum pressure. These mini-columns are extensively washed and subsequently the proteins are eluted into a microtiter plate.
1.
Thaw bacterial pellets in 24-well blocks at room temperature. While waiting, add protease inhibitors, lysozyme, and Benzonase to the chilled Lysis buffer: 1 mg/ml Lysozyme, 10 units Benzonase/ml, 2 µl/ml protease inhibitor cocktail (no EDTA), and 1 mM PMSF. Keep on ice.
2. Add 0.5 ml of chilled Lysis buffer plus additives to each pellet and resuspend by pipetting, using a 12-channel pipet to mix a row of 6 wells with two tips in each of the 6 wells.
3.
Vortex the 24-well blocks containing the resuspended pellets at 4 o C on a plate shaker for 20 minutes. Performing the lysis at 4 o C will help prevent protein degradation. 
Determination of Protein Yield and Purity

1.
For SDS-PAGE, 10 µl of each protein sample were run on 3-15% gradient polyacrylamide gel. The gels were stained with GelCode Blue and scanned on Fluor-S MultiImager (Fig 1B) (BioRad, Hercules, CA).
2.
For the Bioanalyzer, the protein LabChip is prepared according to the manufacturer's instructions. 
4.
Samples and ladder are then diluted to 90 µl with H 2 O and then 6 µl of each diluted sample is loaded into a well of the LabChip according to the manufacturers instructions.
Dilution of the sample may seem counter-intuitive but is necessary to reduce the SDS concentration in the denaturation buffer.
5.
The LabChip is then placed in an Agilent 2100 Bioanalyzer and the Protein 200 Plus program is run.
6. Agilent Biosizing software is used to determine the sizes of the proteins of interest by normalization against two internal standards of 6 and 210 kDa. The fluorescent peak identification settings were adjusted from the default settings to improve sensitivity, 0.8 for the minimum peak height, 0.2 seconds for the minimum peak width, and 4 for the slope threshold. (Fig. 1A) 4. Notes Additionally, use of metal chelation via tetradendate adsorbant (NTA) as opposed to tridendate (IDA) ensures that much less leaching of metal ions will occur. The purity of hexahistidine tagged proteins is optimal from purification conditions in which the amount of the target protein is equal to or greater than the binding capacity of the column matrix.
The amount of lysate and Ni-NTA Superflow agarose that we have suggested should be a guide. The expression screening method described in the previous chapter can be used to assess and then group samples with similar expression levels and then approximate the optimal amount of Ni-NTA Superflow agarose required. 10 Additionally, we tested several 96-well filter plates and found that the Genemate plates have dropformers that perform better than others with less cross-contamination and optimal recovery of eluent, and are less expensive than most other plates.
6. The compositions of the buffers can be varied. Adjusting the stringency of the wash, for example by increasing the NaCl concentration to 500 mM or the imidazole concentration to 20 mM can improve purity, however, lowering these concentrations may improve binding of some hexahistidine-tagged proteins. The QIAexpressionist handbook (Qiagen, Valencia, CA) provides some very useful suggestions for various buffer compositions.
7.
The LabChip protocol recommends using 4 µl of protein sample, however we find that using 1-2 µl of each sample plus H 2 O works as well or better, and uses less material.
This may be due to a dilution of components that affect the sensitivity of the assay, such as salt and imidazole. Many common reagents affect the sensitivity of the LabChip assay, therefore care should be taken when the buffer composition is altered. 
